Aim To evaluate the quality of visual functions after cataract surgery and intraocular lens (IOL) implantation with different lens materials and compare the results with agematched subjects with clear phakic eyes. Methods Control and pseudophakic groups involved individuals aged between 50 and 75 years, without any accompanying ocular or systemic disease. In all, 50 eyes implanted with foldable acrylic IOLs, and 41 eyes implanted with polymethyl-methacrylate (PMMA) IOLs were compared with 45 phakic eyes as controls. Visual functions were evaluated for contrast sensitivity function and glare disability. The results were compared statistically using one-way analysis of variance (ANOVA). Results At high luminance levels, the difference among groups for contrast sensitivity was statistically significant for all spatial frequencies (Po0.05). Although the acrylic IOL-implanted eyes had better results at all three spatial frequencies, no significant difference existed between the two study groups for these spatial frequencies (P40.05). Glare disability scores were significantly higher in the PMMA-IOL group compared to the control and acrylic-IOL groups. Conclusion The visual quality achieved in pseudophakic eyes was not as good as in clear phakic eyes in regard to contrast sensitivity and glare. However, acrylic IOLs fared better than PMMA IOLs.
Introduction
Phacoemulsification with intraocular lens (IOL) implantation is considered to be one of the most successful interventions in modern medicine.
The incisions getting smaller together with the development of better IOL materials and designs provide the best possible visual rehabilitation for patients. Nowadays surgery is recommended for cases with early cataracts as well. The reported results and high benefit-torisk ratio of cataract surgery encourage patients for early surgery and make them place their expectations at a very high level. They expect the same visual quality as clear phakic eyes.
Excellent visual acuity results of the IOLs obtained with Snellen charts reflect the visual function at 100% contrast levels. However, reallife situations are associated with various levels of illumination and objects with different shades and contrasts. Contrast sensitivity and glare disability testing are useful methods for evaluating the problems of patients in daily circumstances. 1, 2 This study was undertaken to evaluate the visual performance of pseudophakic subjects with acrylic and PMMA IOLs through contrast sensitivity and glare disability testing and to compare the results with clear phakic eyes.
Materials and methods
In this prospective clinical study we enrolled consecutive patients, who were aged between 50 and 75 years, status post uneventful phacoemulsification 6 months ago, diagnosed with senile cataract and implanted with posterior chamber IOLs. Eyes with a history of intraoperative posterior capsular rupture and vitreous loss, postoperative intraocular pressure rise requiring medical or surgical treatment, pupil deformities such as synechia or capture, decentred IOLs, intensive pigment deposits on corneal endothelium or IOL surface, pupillary membranes, macular diseaseFcystoid macular oedema or macular degenerationFvascular occlusions, retinal detachment or eyes with neodymium:YAG laser capsulotomies were excluded from the study. Patients with moderate or severe PCO or residual plaques were excluded from the study to eliminate the effects of PCO to the contrast sensitivity or glare, and only eyes with mild PCO were included in the study. All subjects gave informed consent prior to testing.
Patients were divided into two groups. The first group consisted of 41 patients who were implanted with 13.5 mm polymethyl-methacrylate (PMMA) IOL, with 6.0 mm optic (Alcon Labs, Fort Worth, TX, USA) after performing phacoemulsification through a scleral tunnel incision. The second group consisted of 50 patients who were implanted with 13.0 mm acrylic IOL with 6.0 mm optic (Acrysof, MA60BA, Alcon Labs, Fort Worth, TX, USA) after performing phacoemulsification through a 3.5 mm temporal clear corneal incision.
In all, 45 subjects with phakic eyes were recruited from the outpatient clinic as controls. To be included in the control group, the subjects had to fulfil the following criteria: (1) age between 50 and 74 years, (2) best corrected visual acuity of 20/20, (3) clear or sclerotic lens, clear cornea, regular pupil, and (4) no past or present ocular disease.
Following the standardized eye examination including best spectacle corrected visual acuity (BSCVA), slit lamp examination, applanation tonometry, and dilated examination of the lens and fundus, patients underwent contrast sensitivity function and glare disability tests with the full refractive correction and natural (undilated) pupils. The time elapsed from surgery was 6 months for pseudophakic patients.
Contrast sensitivity function was measured with best correction using the Gradual Contrast Sensitivity Test Chart (Opsia Laboratories, Saint Agne, France). This is a rear-illuminated chart bearing optotypes on columns ). The test was performed in a standardized room light (50 L) for high photopic and mesopic illumination and in a dark room for low photopic illumination. The patients were asked to read a line corresponding to each spatial frequency. One point was given to each letter read correctly on the line, and this gave the contrast sensitivity function for that spatial frequency. The test was repeated for three luminance levels.
To measure the glare disability, the glare test in the program of Computerized Autorefractometer Model 560 (Humphrey, Allergan, San Leandro, CA, USA) was used. Patients were asked to read from the low contrast card after entering their refraction error. This card includes Snellen letter optotypes between 0.1 and 0.8 Snellen visual acuity . The lowest correctly read letter line was recorded as low contrast visual acuity. Then the test was repeated under glare light sources and the line read correctly was recorded as the low contrast visual acuity under glare source. The difference between the two values was calculated as the glare disability score. The illumination of the low contrast card was 47 ft L and that of the glare source 5000 ft.
For statistical analyses, Graphped INSTAT V2.02 software was used. Three groups were compared for contrast sensitivity and glare disability using a one-way analysis of variance (ANOVA).
Results
The age range in groups with the mean and standard deviation are shown in Table 1 . The age of the patients in the groups was not significantly different (P40.05). The difference for the BSCVA also was not significant among the groups (P40.05) ( Table 1 ). In six (12%) of the acrylic IOL-implanted eyes, and in eight (19.5%) of the PMMA implanted eyes, mild posterior capsular opasification (PCO) developed at 6 months. The difference between two study groups for PCO rates was statistically insignificant (P40.05).
The results of the mean contrast sensitivity testing for three luminance levels are shown in Tables 2-4 . Mean contrast sensitivity decreased as luminance decreased and spatial frequency increased in all groups. At high luminance levels, the difference among the groups was statistically significant for all spatial frequencies (Po0.05). The scores of the control group were significantly higher than both of the acrylic and the PMMA groups. While the scores of the acrylic and PMMA groups did not differ significantly for low and medium spatial frequencies (P40.05), the scores of the 
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Visual performance of acrylic and PMMA introcular lenses N Gozum et al 239 acrylic group were statistically higher than those of the PMMA group for high spatial frequency (Po0.05). At mesopic and low photopic conditions, the differences among groups were statistically significant for low and medium spatial frequencies (Po0.05), but insignificant for high spatial frequency (P40.05). At mesopic conditions, scores of the control group were significantly higher than those of the study groups at low and medium spatial frequencies (Po0.05). Although the acrylic IOL implanted eyes had better results at all three spatial frequencies, no significant difference existed between the two study groups for these spatial frequencies (P40.05).
At low luminance levels, the scores of the control group were significantly higher than those of the study groups at low and medium spatial frequencies (Po0.05). The scores of the acrylic group were significantly higher than the PMMA group for low spatial frequency (Po0.05), but did not differ for high spatial frequency (P40.05). Table 5 shows the mean glare disability scores. Glare disability was lowest in the control group. The results of the control and acrylic groups were not significantly different (P40.05). On the other hand, the differences between the control group and the PMMA group and between the acrylic and PMMA scores were statistically significant (Po0.05).
Disscussion
PMMA was the first material used in the manufacture of IOLs; 3 however, the introduction of phacoemulsification has prompted the use of foldable lenses to be inserted through smaller wounds. All these lenses have proved themselves to be nontoxic, highly biocompatible, and stable. [4] [5] [6] Many studies have reported excellent visual acuity results with all IOL types. 7, 8 Likewise, both groups in our study had very high levels of BSCVA and did not differ significantly from age-matched phakic eyes with clear lenses (P40.05). However, with the Snellen chart it is only possible to evaluate the visual acuity and identify details under 100% contrast level. More sophisticated methods of evaluating visual functions like contrast sensitivity and glare disability testing help explain the difficulties encountered by patients in everyday life. 1, 2, 9 In order to detect and discriminate larger objects in our environment, spatial contrast sensitivity testing was suggested as a useful method. 10 For this purpose, the visual functions of normal senile people, who had uncomplicated phacoemulsification procedures followed by in-the-bag implanted PMMA or acrylic IOLs using the contrast sensitivity and glare disability testing, were compared in the present study.
The ages of patients ranged between 50 and 75 years in the control and study groups, and there was no statistically significant difference in age between the groups (P40.05). Since contrast sensitivity function and 
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It is previously reported that early cataracts cause loss of contrast sensitivity and increase in glare disability. 13 The purpose of this study was not to compare the preand postoperative differences. Adamsons et al 14 compared the subjective and objective visual functions. They found that the preoperative visual functions were positively correlated with postoperative objective visual functions by means of visual acuity and contrast sensitivity.
To our knowledge, there is no other report using the opsia gradual sensitivity chart. Our test chart resembles Regan charts, in that the test is being performed at 3 m and using letters instead of sinusoidal gratings, lowering in size and contrast of the letters. It is reported that letters are more reliable compared to sinewave grating charts. 15 Actual spatial frequency depends on the spatial frequency content of the real-world target. 10 Decrease of contrast sensitivity at low and medium spatial frequencies causes difficulties in recognizing human faces, road signs, houses and reading. 10 Utilization of foldable IOLs has led to their comparison with PMMA lenses, of which the optic qualities have been proved in the past. Pseudophakic subjects with PMMA IOLs are reported to have less contrast sensitivity than phakic subjects in each frequency, being more pronounced in high spatial frequency. 16, 17 In contrast, Furuskog and Nilsson 18 reported both groups as having similar results for contrast sensitivity. In this study, pseudophakic patients with PMMA lenses had lower contrast sensitivity scores compared to the ones with acrylic IOL and to the control group.
In another study both in-the-bag implanted PMMA and silicone IOLs were compared, and although insignificant, silicone lenses were found to have lower values in low contrast visual acuity and with a glare source (P40.05). 19 Skorpik et al compared in-the-bag implanted PMMA IOLs with sulcus implanted silicone IOLs and found no statistically significant difference in any luminance level under mesopic conditions. 19, 20 After the introduction of foldable acrylic lenses, Kohnen et al 8 compared the visual functions of various IOLs, and the difference between PMMA and acrylic intraocular lenses was found to be statistically insignificant for contrast sensitivity.
The present study differs from previously reported studies in that contrast sensitivity was tested for different spatial frequencies at different illumination levels. In this study, it is shown that the scores decreased with the decrease in illumination and increase in spatial frequency. The highest values were obtained for the phakic control group followed by the acrylic group. Although this difference was not significant for low spatial frequency at high photopic conditions and for high spatial frequency at mesopic and low photopic conditions (P40.05), phakic eyes had significantly better visual functions than pseudophakic eyes (Po0.05). At mesopic conditions, which represent illumination in cloudy weather, the values of the acrylic group were approaching those of phakic eyes at low spatial frequency and the difference was insignificant (P40.05).
Light scatter within the eye causes disability glare, a contrast lowering effect. The computerized autorefractometer measures visual acuity impairment in the presence of glare with low contrast letters. In a study, Beckman and co-workers used a similar device (Humphrey Automatic Refractor Model 570) to measure the impairment of visual acuity for low contrast optotypes as a result of glare for subjects with normal and cataractous eyes. They compared the results with subjective glare and intraocular light scatter, and found no correlation with subjective glare and very weak correlation with intraocular light scatter. 21 Masket 22 compared the postoperative disability glare with the preoperative values and found an improvement. However, glare disability is reported to be higher in patients with posterior chamber intraocular lenses than in normal controls. 23 In the presence of a glare source, phakic eyes had less decrease in visual acuity (Po0.05). Although not as good as the phakic group, the results in the acrylic group were significantly better than the PMMA group (Po0.05). In the present study, PCO was more common in the PMMA IOL-implanted group, however, the difference was statistically insignificant (P40.05). Similarly, acrylic lenses are reported to result in PCO, although less frequent than PMMA lenses, with a significant difference. 24 Although the difference for mild PCO was insignificant between the PMMA and acrylic IOL groups in this study, the high glare disability and contrast sensitivity in the PMMA group might be the result of this insignificant high incidence of mild PCOs. Nadler et al 23 also suggested a correlation between the amount of PCO and glare score.
In conclusion, although none of the IOL materials in this study reached the visual quality of clear phakic eyes, acrylic IOLs gave the second best results in contrast sensitivity and glare disability testing after clear lenses. We have the opinion that in addition to small corneal incision, less astigmatism, and faster rehabilitation, less disability glare and better contrast sensitivity are other advantages of foldable acrylic lenses. However, they
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need to be compared with other types of foldable lenses in regard to visual qualities.
